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Virtual reality-based attention assessment in comparison with computerized assessment in 
ADHD: ClinicaVR: Classroom-CPT versus an analogue Continuous Performance Test 
Abstract 
Virtual reality-based assessment may be an alternative for classical or computerized 
neuropsychological assessment with increased ecological validity. ClinicaVR: Classroom-CPT is 
a neuropsychological test embedded in virtual reality and designed to assess attention deficits in 
children with ADHD or other conditions associated with impaired attention. In the present study 
we aimed to (1) investigate the diagnostic validity of ClinicaVR: Classroom-CPT in comparison 
to an analogue Continuous Performance Test (CPT), (2) explore the task difficulty of ClinicaVR: 
Classroom-CPT, (3) to address the effect of distractors on performance of ADHD participants 
and healthy controls, and (4) to compare the two measures on cognitive absorption. Thirty-three 
children diagnosed with ADHD and 42 healthy children, aged between 7 and 13 years old, 
participated in the study and were tested on cor an analogue CPT, plus several cognitive 
measures and an adapted version of the Cognitive Absorption Scale. Mixed MANCOVA 
revealed that ADHD children performed worse on correct responses had more commissions and 
omissions errors, and slower reaction time to targets than controls. Next, results showed 
significant differences between performance in the virtual environment and the computerized 
one with longer reaction time in virtual reality. Data analysis pointed out the negative influence 
of auditory distractors on attention performance in case of children with ADHD, but not for 
healthy participants. Finally, the two measures did not differ on cognitive absorption perceived 
by the children.  
 
Virtual reality-based attention assessment 
 
Keywords: virtual reality, ADHD, validity, neuropsychological assessment, CPT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Virtual reality-based attention assessment 
 
Virtual reality-based attention assessment in comparison with computerized assessment in 
ADHD: ClinicaVR: Classroom-CPT versus an analogue Continuous Performance Test 
 Inattention and /or hyperactivity-impulsivity symptom dimensions are essential features 
of attention deficit-hyperactivity disorder (ADHD), a developmental disorder that affects 
approximately 5 % of children worldwide (American Psychiatric Association, 2013). ADHD is 
currently diagnosed by clinical interview and a variety of parent or outcomes (Barkley, 2006; 
Gualtieri & Johnson, 2005). Although they are critical to a valid assessment, they have limited 
predictive validity and are based on a subjective opinion (Lange et al., 2014). 
Neuropsychological tests may increase the effectiveness of the assessment of ADHD (Gualtieri 
& Johnson, 2005; Losier, McGrath, & Klein, 1996) as they target specific cognitive mechanisms 
that underlie the attention deficit and offers directions for individual interventions (Lange et al., 
2014).  
In neuropsychological assessment, ecological validity describes the degree in which a 
psychological test offers results similar to those expressed in real life (Chaytor & Schmitter-
Edgecombe, 2003; Wasserman & Bracken, 2003). A red flag was raised by studies that 
attempted to investigate the ecological validity of paper-and-pencil neuropsychological tests in 
clinical (Chaytor & Schmitter-Edgecombe, 2003; Chaytor, Schmitter-Edgecombe, & Burr, 2006) 
and in healthy populations (Spooner & Pachana, 2006; Van der Elst, Van Boxtel, Van Breukelen, 
& Jolles, 2008), as they revealed a low to moderate level of ecological validity in predicting real 
life functioning. In the attempt to overcome this drawback, new tests with potential increased 
ecological validity have been designed. Some simulate daily cognitive tasks (Robertson, Ward, 
Ridgeway, & Nimmo-Smith, 1996; Wilson, Alderman, Burgess, Emslie, & Evans, 1996; Wilson, 
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Cockburn, & Baddeley, 1985), while others use virtual reality systems1 for the assessment of 
cognitive processes (Matheis et al., 2007; Parsons & Courtney, 2014; Rand, Katz, Shahar, 
Kizony, & Weiss, 2005; Siemerkus, Irle, Schmidt-Samoa, Dechent, & Weniger, 2012). 
Recent narrative (Bohil et al., 2011), systematic (Parsey & Schmitter-Edgecombe, 2013) 
and meta-analytical studies (Neguţ, Matu, Sava, & David, 2016a; Neguț, Matu, Sava, & David, 
2016b) have pointed out that virtual reality-based neuropsychological assessment might provide 
the ecological assessment associated with an increased level of task difficulty. Also, results have 
shown that virtual reality-based measures can be used for neuropsychological assessment of 
cognitive processes, such as executive functions, memory, visouospatial analysis or everyday 
functioning (Bohil et al., 2011; Neguț et al., 2016b; Parsey & Schmitter-Edgecombe, 2013) and 
that they discriminate between healthy and cognitive impaired patients (Neguț et al., 2016b).  
One of the most used measure of sustained vigilance, attention and impulsivity is the 
Continuous Performance Test (CPT)2 (Gualtieri & Johnson, 2005; Losier et al., 1996). Most CPT 
tests follow the original paradigm described by Rosvolt, Mirsky, Sarason, Bransome, & Beck 
(1956). The outcomes of interest for attention assessment with CPTs are total correct responses, 
                                                             
1 Virtual reality-based assessment consists of a certain amount of stimuli delivered to the subjects 
in a highly systematic and controlled virtual environment (Bohil, Alicea, & Biocca, 2011) via a 
human-computer interface facilitated by computers, as well as via head-mounted displays 
(HMDs), trackers, headphones, data gloves or joysticks (Gamberini, 2000; Ku et al., 2003; 
Schultheis, Himelstein, & Rizzo, 2002). These devices generate a 3D environment that resembles 
the real world using advanced graphics and means of interaction. 
2 Depending on the cortical mechanisms of sustained attention (Sergeant, 2003) two main CPT 
tasks exist: the vigilance (activation mechanism) and the arousal tasks (arousal mechanism) 
(Servera & Cardo, 2006). In vigilance CPTs (known as X- or AX- types), participants are 
instructed to respond to target items while ignoring non-target items over longer periods of time 
(Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956) and the subject has to respond correctly to 
target stimuli and inhibit responses to non-target stimuli. In inhibition CPTs described as non- X 
tasks participants are asked to respond to non-target items and to ignore the target items 
(Conners, Epstein, Angold, & & Klaric, 2003; M. Servera & Cardo, 2006). 
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errors of commission, errors of omission, and the mean reaction time3 (Barkley, Grodzinsky, & 
DuPaul, 1992; Conners et al., 2003; Epstein et al., 2003; Frazier, Demaree, & Youngstrom, 
2004; Losier et al., 1996; M. Servera & Cardo, 2006). Several types of CPT are used in research. 
Some integrate one sensorial modality (Conners, 1995; Servera & Llabrés, 2004), while others 
integrate both sensory and auditory modalities (Leark, Greenberg, Kindschi, Dupuy, & Hughes, 
2007; Sandford & Turner, 1995). This high heterogeneity in versions of CPT might complicate 
decisions upon its utility in ADHD assessment (Berger & Cassuto, 2014; Epstein et al., 2003; 
Grodzinsky & Barkley, 1999; Preston, Fennell, & Bussing, 2005; Riccio & Reynolds, 2001). 
 In light of the recent controversies related to the level of ecological validity of traditional 
neuropsychological assessment (Bohil et al., 2011; Chaytor & Schmitter-Edgecombe, 2003; 
Parsey & Schmitter-Edgecombe, 2013; Spooner & Pachana, 2006; Van der Elst et al., 2008) one 
might assume that CPTs fail to provide measures of the degree in which children with ADHD 
perform in real life because the assessment context and cognitive tasks are far less realistic 
compared to real life challenges, like a school setting. Subsequently, as recomended (Barkley, 
1991; Díaz-Orueta et al., 2014; Nigg, Hinshaw, & Halperin, 1996; Rizzo et al., 2000) other 
attention measures with increased ecological validity that target attention processes were 
developed. They consist of a virtual scenario that replicates a real classroom environment in 
which the child is immersed and has to perform a traditional CPT-based task (Iriarte et al., 2012; 
Rizzo et al., 2006).  
                                                             
3Total correct responses reflect the number of cases in which the participant correctly responds to 
target items; Commission errors occur when the participant responds to non-target items; 
Omission errors occur when the participant fails to respond to target items; Mean reaction time 
reflects the participant’s average hit reaction time expressed in milliseconds or seconds  
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ClinicaVR: Classroom-CPT also known as Virtual Classroom (Rizzo et al., 2006) 
developed by Digital MediaWorks Inc. (http://web.dmw.ca/), is an AX- type  CPT embedded in 
virtual reality designed to assess attention deficits in children with conditions associated with 
impaired attention like ADHD. Most studies that have investigated the diagnostic validity of 
ClinicaVR: Classroom-CPT by comparing attention performance of children with ADHD and 
healthy controls show that children with ADHD have impaired attention processes (Bioulac et 
al., 2012; Parsons, Bowerly, Buckwalter, & Rizzo, 2007; Pollak et al., 2009). However, less 
consent is available when it comes to specific ClinicaVR: Classroom-CPT outcomes that best 
discriminate between healthy and ADHD participants (Adams, Finn, Moes, Flannery, & Rizzo, 
2009; Pollak et al., 2009). This might be due to the fact that some studies are underpowered and 
use different types of CPTs that might impact the generalization of the results. Also, only two 
studies provided data upon the classification accuracy of the Virtual Classroom compared to a 
CPT (Adams et al., 2009; Pollak et al., 2009). Both papers seem to indicate that Virtual 
Classroom classifies better ADHD participants than the CPT. As stated earlier, all these results 
point out the potential benefits of the ClinicaVR: Classroom-CPT over a traditional CPT. 
However, there is still need to conduct studies with increased statistical power that target the 
diagnostic accuracy of the ClinicaVR: Classroom-CPT compared to a CPT.  
Another important issue in virtual reality-based assessment is distractors’ effect on 
performance. The negative effect of distractors over cognitive performance is well documented 
in the literature (Areces, Rodríguez, García, Cueli, & González-Castro, 2016; Díaz-Orueta et al., 
2014; Erez, Weiss, Kizony, & Rand, 2013; Iriarte et al., 2012; Ku et al., 2003; Rand, Basha-Abu 
Rukan , Weiss, & Katz, 2009; Rand, Katz, & Weiss, 2007). The use of distractors can enhance 
the ecological validity by maximizing the similarities between the real world and virtual 
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environment. For instance, in the ClinicaVR: Classroom-CPT three types of distractors are used: 
auditory (e. g. bus noise, door knocking, footsteps noise, and school bell ringing), visual (paper 
airplane thrown by a colleague, teacher looking at her watch) and mixed distractors (e. g. person 
walking into the classroom with hall sound when opened). In turn, the complexity and difficulty 
of the task increase due to the presence of distractors. This assumption is supported by data that 
points out poorer attention performance of children with ADHD when assessed in Virtual 
Classroom with distractors (Adams et al., 2009; Bioulac et al., 2012; Rizzo et al., 2000). 
However, the potential influence of distractors over CPTs parameters is not well documented in 
the literature and conventional CPTs do not include distractors (Uno et al., 2006) despite the fact 
that adding visual or auditory distractors seems to improve the utility of the CPT in ADHD 
diagnosis (Berger & Cassuto, 2014; Uno et al., 2006). To our knowledge the current study is the 
first one that aims to investigate differences in performance measured either with the ClinicaVR: 
Classroom-CPT and an analogue AX- type CPT under the influence of auditory distractors in 
case of children with ADHD and healthy controls. This allows us to directly investigate the 
influence of distractors on the task difficulty of ClinicaVR: Classroom-CPT and an analogue 
AX- type CPT and to check whether adding distractors has a greater impact on the discriminant 
validity of the measures.  
In virtual reality research few studies have also focused on other subjective variables like 
fun or enjoyment (Pollak et al., 2009; Yalon-Chamovitz & Weiss, 2008). Therefore, in the 
current research we chose to on perceived level of cognitive absorption as a measure of software 
involvement that describes one’s perceived level of experience, acceptance and enjoyment of 
new software, like motivation and beliefs about technology (Agarwal & Karahanna, 2000). 
Studies that focused on comparisons between virtual reality and other computer devices did not 
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pay attention to this potential relevant variable, it seems reasonable to investigate how the 
participants rate both measures and to check if any differences on cognitive absorption emerge. 
Previous research has shown that cognitive absorption correlates positively with the intention to 
use the software/technology devices in the future (Agarwal & Karahanna, 2000). 
Based on findings from the literature (Bioulac et al., 2012; Neguţ et al., 2016a; Neguț et 
al., 2016b; Nolin et al., 2016; Parsey & Schmitter-Edgecombe, 2013), we propose that 
neuropsychological testing using ClinicaVR: Classroom-CPT has a better ecological validity 
than an analogue AX- type CPT. In addition, we propose that it has an increased task difficulty 
associated with poorer performance in the ClinicaVR: Classroom-CPT. In turn, classical tests 
may underestimate the everyday performance on attention tasks translated into better 
performance on these traditional measures. Finally, the aims of the current study are to (1) 
investigate the discriminant validity of ClinicaVR: Classroom-CPT in attention assessment by 
comparing performance of children with ADHD with healthy controls4, (2) explore the task 
difficulty of virtual reality-based measures by comparing attention performance obtained with a 
virtual reality-based measure and an analogue AX- type CPT, (3) to address the effect of 
auditory distractors on performance of ADHD participants and healthy controls, and (4) to 
compare the two measures on cognitive absorption.    
 
Method 
Participants 
                                                             
4 Diagnostic validity is part of a criterion-related source of validity and is usually established by 
comparing two contrasted groups on outcomes of interest. In this case, diagnostic validity is 
established by comparing the performance of ADHD children with healthy controls (Wasserman 
& Bracken, 2003). 
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Forty-five boys and thirty girls aged between 7 and 13 years old (m = 9.49, SD = 1.67) 
participated in the study. There were differences on age between the two groups t(55)=3.56, p < 
.001 (mean age of the control group = 8.9 vs. mean age of ADHD group = 10.24). In the ADHD 
sample, 33.3 % of children (11 children) had comorbidities such as conduct disorder (8 children), 
learning disorder (2 children), and adjustment disorder (one child). According to parental report 
and medical records 69.7 % were on medication at the day of testing. Medication included 
stimulant drugs (i.e. methylphenidate in 30.43 % of children), non-stimulant drugs (i.e. 
atomoxetine in 34.78 % participants), and other drugs (e.g. typical and atypical neuroleptics, 
mood stabilizers 34.78 %). Of the ADHD children that were taking medication, 47.82% were on 
single agent medication and 52.17% were taking combined medication. None of the children 
from the control group was taking any medication on the day of testing. One participant from the 
control group was excluded due to significant eye impairment and two children from the ADHD 
decided to withdraw from the testing procedure.   
------- 
Insert Table 1 about here 
------- 
Measures 
Sociodemographic variables. Parents or caregivers reported children age, gender, psychiatric 
diagnostic and pharmacological treatment, and eye problems.  
Several cognitive measures that seem to discriminate between children with ADHD and 
healthy children were chosen (Frazier et al., 2004). 
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Executive function measures. The Digit Span and Letter Number Sequencing subtests from the 
WISC-IV (Wechsler, 2003) were chosen as a measure of working memory where participants 
have to memorize a series of digits and manipulate them in order to produce correct results. 
Coding and Symbol Search subtests were used as measures of processing speed. The subject has 
to visual scan and to discriminate between different items or to produce symbol shapes according 
to predefined rules. The WISC-IV is adapted on Romanian population  (Wechsler, & Dobrean, 
2012). d2 Test of attention  (Brickenkamp & Zillmer, 1998) was used as a measure of selective 
attention and concentration performance. The test consists of 558 items distributed over 14 lines 
with 47 characters per line. The subject has to scan across each line in order to identify and mark 
the target stimuli while ignoring the non-stimuli. The d2 Test of attention is adapted on 
Romanian population (Dobrean, 2010). 
General intelligence. The Romanian form of Raven Standard Progressive Matrices Plus 
(Dobrean, Raven, Comşa, Rusu, & Balázsi, 2008; Domuța, Balázsi, Porumb, Rusu, & Comşa, 
2003) was used in this study to measure intelligence. The test has 5 sets (A-E) with 12 items per 
set and a total of 60 items. The items consist of a matrix of figures with an empty position. The 
subject has to infer what figure should be in the empty position by identifying the relationship 
between columns and rows.  
Further on, we used measures typically used in research focusing on technology use and 
virtual reality.  
The Simulator Sickness Questionnaire (SSQ, Kennedy, Lane, Berbaum, & Lilienthal, 1993) was 
administrated to children in order to determine any sickness symptoms due to immersion in 
Virtual Reality. This 16 items measure asks participants to rate on a scale of 0-3 statements that 
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reflect symptoms after exposure in ClinicaVR: Classroom-CPT (e.g. General discomfort, Blurred 
vision, Dizziness with eyes open, Nausea). Higher scores represent greater simulator sickness.  
An adapted version for children of Cognitive Absorption Scale (CAS, Agarwal & Karahanna, 
2000) was used to measure the state of deep involvement with software which predicts usage 
behavior. It contains four dimensions: temporal dissociation, focused immersion, heightened 
enjoyment and curiosity. Measures of perceived ease of use, perceived usefulness, and personal 
innovativeness and behavioral intention to use (Agarwal & Karahanna, 2000) were also used. 
Our adapted scale consists of 15 items that describe the experience with ClinicaVR: Classroom-
CPT or CPT. The number and content of the items were adapted for children aged 7 to 14 years 
old. Children had to rate on a scale of 1 to 5 their opinion regarding their experience with Virtual 
Classroom or CPT which were referred to them as computer games (e.g. Time appeared to go by 
very quickly when I played with the computer). Higher scores indicate higher cognitive 
absorption, temporal dissociation, focused immersion, heightened enjoyment, curiosity and 
personal innovativeness, as well as higher perceived ease of use, usefulness and behavioral 
intention to use.  
 In order to assess the daily and weekly amount of time spent on the computer, we 
included one item per each category on which children had to rate on a scale of 1 to 3 their 
answers (e.g. In general, I like to use the computer).  Higher scores reflect greater computer 
operation knowledge, usage, and enjoyment.  
In the current study we used ClinicaVR Classroom, version 2.0.3. It follows a classical 
AX-type CPT scenario in which the participant is exposed to stimuli over a long period of time 
and has to respond as quickly as possible to target stimuli and to inhibit any responses to non-
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target stimuli. The Virtual Classroom scenario consists of a rectangular classroom populated by 
desks, a blackboard, windows and doorways on each side of the classroom, pupils and a female 
teacher in front of the classroom. Children were immersed into the classroom by the use of a 
head mounted display (HMD) fitted on their head along with headphones. Each participant sat on 
a desk and had to respond to target items which appeared on the blackboard. The items consisted 
of letters of the alphabet displayed with fast speed, and the participant was instructed to press the 
left mouse button only when letter K appears after letter A and to ignore other succession of 
letters. The Virtual Classroom scenario consisted of 374 stimuli, 55 total targets (AK), with a 
1000 milliseconds inter-stimulus interval and 200 milliseconds stimulus duration. In the 
condition with distractors only auditory distractors were used (school bus noise, someone knocks 
at the classroom door, footsteps, pencil drops). In the condition without distractors children were 
immersed in the Virtual Classroom but distractors were disabled.  
The AX-type CPT used in this research replicated the stimulus challenges from the 
ClinicaVR: Classroom-CPT without immersion into the classroom. To be more specific, the 
number of targets and non-targets, the total number of targets, as well as the inter-stimulus 
interval and duration were identical with the ClinicaVR: Classroom-CPT scenario. Targets and 
non-targets were displayed on a computer screen and were identical in color and dimensions with 
those presented on the Virtual Classroom blackboard. We aimed to create a CPT analogue with 
ClinicaVR: Classroom-CPT to make the performance measured by the two instruments 
comparable. The only difference between the two measurement instruments which has been 
manipulated is the medium of assessment: immersion into the virtual environment and no 
immersion. Also, in the condition with distractors we used the audio recording from the 
ClinicaVR: Classroom-CPT and children heard the noises from the classroom through 
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headphones. In the condition without distractors no distractors were provided. The CPT was 
designed using Inquisit 3 Software (2012).  
The following measures from the ClinicaVR: Classroom-CPT and analogue CPT were 
used: total correct responses, errors of commission, errors of omission, and the mean reaction 
time.  
Procedure 
The study was approved by the Ethics Committee of the Babeș-Bolyai University of Cluj-
Napoca, Romania. Permission to conduct the study was obtained from the executive directors of 
the institutions where the research took place.  
Healthy participants were recruited from two elementary public schools in Timisoara, Romania, 
while children with ADHD were recruited from hospitals and treatment centers in Timisoara and 
Bucharest. Using the school records, the parents or the legal guardians of the healthy participants 
were phoned and presented a brief description of the study and if agreed, were mailed the 
informed consent in order to sign it. Parents or legal guardians accompanying day patients, 
previously diagnosed by a child psychiatrist based on a clinical interview and using the DSM-IV-
TR criteria (American Psychiatric Association, 2000), were given a brief invitation letter 
explaining the aims of the study and the benefits from taking part (i.e. results from the 
neuropsychological tests). If agreed, they were asked to signed the written consent. For all the 
participants, children’s assent was taken before the performing the first task. 
All participants were screened for a history of psychiatric or neurological disorders, as well for 
the use of psychotropic medication. The exclusion criteria were the presence of intellectual 
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disability (an IQ score < 70) (American Psychiatric Association, 2013), autism spectrum disorder 
and major neurological conditions (e.g. epilepsy).  
The same neuropsychological tests were administered in the afternoon to all children, 
with the difference that half of them received the ClinicaVR: Classroom-CPT assessment while 
the other half were tested using the CPT. Prior to testing all of the participants received an ID 
and were randomly assigned to one of the experimental conditions (assessment using ClinicaVR: 
Classroom-CPT or CPT). Each of the participants was tested with and without distractors with 
either ClinicaVR: Classroom-CPT or CPT and the order of administration was counterbalanced 
within-subject. After the informed consent was obtained participants were escorted into the 
testing room. They first completed the paper-and-pencil neuropsychological measures, in the 
same order for each participant. Then, they received either the ClinicaVR: Classroom-CPT 
assessment or the CPT on a Lenovo T400 laptop with a resolution of the display at 1440 × 900 at 
a refresh rate of 60 Hz. Prior to the beginning of the assessment in the Virtual Classroom, the 
HMD was adjusted to the child’s head. The HMD was an eMagin Z800 3D Visor device. The 
system was activated and a warm-up session was delivered. The warm-up scenario consisted of 
the same virtual classroom with identical features. This session allowed the participant to 
become familiar with the virtual environment, and to adjust if needed, the HMD to provide a safe 
exposure and to avoid a potential blurry vision. Further on, the warm-up session consisted of a 
short scenario in which the children were exposed to random numbers that appeared with fast 
speed on the blackboard and had to response as quickly as possible by clicking the left mouse 
button whenever the number 9 appeared on the blackboard and to inhibit responses to other 
numbers. The same scenario was delivered to the participants randomly assigned to the CPT 
condition with the specification that the scenario was presented on the computer desktop and was 
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adjusted according to the CPT technical specification presented above. Though in the English 
version of the Virtual Classroom the instructions are delivered by a teacher, in the current study 
the instructions were given by the researcher (into Romanian language after being translated 
from the original version). After having answered to any questions addressed by the children and 
having ensured that the participants understood the task, the testing began. Depending upon 
experimental condition half of the children were first tested with distractors and then without 
distractors, or vice versa.  When tested in the condition with distractors they received 
headphones. Next, all the participants were administered the SSQ, CAS and measures of 
computer operation knowledge, usage, and enjoyment. All the assessment procedures were 
delivered in the same order to all the participants. The testing session lasted for approximately 
two hours. All the primary dependent variables represented by attention performance measured 
either by the ClinicaVR: Classroom-CPT or by an analogue CPT, such as: total correct 
responses, errors of commission, errors of omission, and the mean reaction time were recorded 
automatically by the computer, whereas secondary dependent variables resulted from classical 
paper-and-pencil assessment were calculated afterwards.  
Results 
In order to compare ADHD children with controls on executive functions measures, 
general intelligence, cognitive absorption and computer usage we performed independent 
samples t-test.  Table 1 displays the results. Two children reported simulator sickness symptoms 
as they reported at least once a severe symptom.  
------- 
Insert Table 2 about here 
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------- 
To examine differences across the four dependent variables we performed a mixed 
Multivariate Analysis of Covariance (MANCOVA) with (1) the type of group (ADHD and 
healthy controls), (2) test condition (ClinicaVR: Classroom-CPT or CPT) as between factors, and 
(3) the test modality condition (with and without distractors) as repeated measures factors 
controlling for age and IQ which were set as covariates. 
First of all, results indicate that age yields a significant effect over the overall attention 
performance, V = 0.13, F(4, 66) = 2.65, p < .05 while IQ does not, V = 0.37, F(4, 66) = 0.63, p > 
.05. Results from the mixed MANCOVA using Pillai’s trace point out a significant main effect 
of clinical status on the overall performance on the number of commission, omission errors, total 
correct hits and reaction time, V = 0.30, F(4, 66) = 7.06, p < .001.  Next, Sidak corrected post 
hoc tests showed that on ClinicaVR: Classroom-CPT ADHD children perform worse than 
controls on commission errors (p < .05, d = 1.03), omission errors (p < .01, d = 1.09), total 
correct responses (p < .01, d = 1.15), and slower on reaction time (p < .01, d = 0.59). In case of 
CPT children with ADHD perform worse than controls on commissions (p < .01, d = 1.3) and 
omissions (p < .05, d = 1.09), and better on total correct responses (p < .01, d = 1.21). However, 
no significant differences between the two groups were on reaction time (p > .05). There was 
also a significant main effect of test condition on the dependent variables, V = 0.53, F(4, 66) = 
19.14, p < .001. However, Sidak corrected post hoc tests revealed that for children with ADHD 
differences on commission errors, omission errors and total correct responses between 
assessment using Virtual Classroom and CPT are not significant (p > .05), but reaction time to 
targets was slower in the ClinicaVR: Classroom-CPT type assessment (p < .01, d = 2.05). For 
healthy controls, Sidak corrected post hoc tests pointed out significant differences only on 
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reaction time to targets between virtual reality-based assessment and CPT (p < .01, d = 2.04), 
with slower response time rates in virtual reality. For the number of commissions (p > .05), 
omission errors (p > .05), and total correct responses (p > .05) no significant differences have 
emerged. Next, results revealed a significant main effect of test modality on the overall 
performance on number of commission, omission errors, total correct hits and reaction time, V = 
0.17, F(4, 66) = 3.44, p < .05. Such a result reflects the fact that the presence or absence of 
distractors yields an influence over the performance obtained by both children with ADHD and 
healthy controls. However, Sidak post hoc tests revealed that the only significant differences 
between the condition with and without distractors emerged on omissions and total correct 
responses in Virtual Classroom (p < .05) in case of children with ADHD that seem to commit 
more omissions (d = 0.56) and display less correct responses in the condition with distractors (d 
= 0.42). Next, for the CPT condition Sidak post hoc tests show significant differences between 
the conditions with or without distractors only in case of total correct responses where children 
with ADHD show less correct responses in the condition with distractors (d = 0.38) (see Table 
2). In case of healthy controls no significant differences emerge on none of the conditions (p > 
.05).  
Further on, the interaction effect between clinical status and test condition on the 
outcome variables is not significant, V = 0.08, F(4, 66) = 1.60, p > .05, that indicates that the 
differences on overall attention performance obtained by both ADHD children and healthy 
controls is not influenced by the assessment using ClinicaVR: Classroom-CPT or CPT. 
Similarly, there was a non-significant interaction between the assessment with or without 
distractors and the clinical status of the participants, V = 0.09, F(4, 66) = 1.76, p > .05.  Thus, 
despite the test modality both children with ADHD and healthy controls perform similarly on the 
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outcome measures when measured with Virtual Classroom or CPT with or without distractors. 
Also, performance is not influenced by type of test condition with or without distractors, V = 
0.09, F(4, 66) = 1.64, p > .05. Further on, when testing the interaction effect between clinical 
status, test condition and test modality results show a non-significant effect on overall attention 
performance, V = 0.10, F(4, 66) = 1.91, p > .05 
In order to examine our fourth objective, we performed independent samples t-test. 
Results point out no significant differences between the ClinicaVR: Classroom-CPT and the CPT 
on none of the cognitive absorption dimensions: temporal dissociation (p > .05), focused 
immersion (p > .05), heightened enjoyment (p > .05), curiosity (p > .05), personal innovativeness 
(p > .05), as well as perceived ease of use (p > .05), usefulness (p > .05), and behavioral intention 
to use (p > .05).   
Supplementary analysis 
 In order to investigate potential differences between treated and non-treated children with 
ADHD we performed a Kruskal-Wallis test for each of the outcomes: commissions, omissions, 
total correct responses and total reaction time assessed with the ClinicaVR: Classroom-CPT or 
CPT. A total of eight Kruskal-Wallis tests resulted. The between-subject factor was type of 
pharmacological treatment taken in the day of testing: stimulant medication (i.e. 
methylphenidate), non-stimulant medication (i.e. atomoxetine), other drugs (i.e. typical and 
atypical neuroleptics, mood stabilizers 34.78 %) and no medication. Because we had small 
sample of participants in each condition we decided that a more appropriate statistical test would 
be a non-parametric test that ranks the data, although a non-parametric test has a lower statistical 
power (Field, 2009). Results show that no significant differences between treatment conditions 
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emerge on the number of commissions, H(3) = 4.10, p > .05, omissions, H(3) = 0.03, p > .05, 
total correct responses, H(3) = 0.03, p > .05, and reaction time, H(3) = 3.07, p > .05 in Virtual 
Classroom with distractors. No significant differences emerge in Virtual Classroom without 
distractors on neither commissions, H(3) = 5.68, p > .05, omissions, H(3) = 1.05, p > .05, total 
correct responses, H(3) = 1.97, p > .05, and reaction time, H(3) = 2.47, p > .05. Similarly, no 
significant differences in performance are reported for the CPT with distractors on neither 
parameters: commissions, H(3) = 2.62, p > .05, omissions, H(3) = 2.07, p > .05, total correct 
responses, H(3) = 3.11, p > .05, and reaction time, H(3) = 4.33, p > .05. For the CPT without 
distractors’ outcomes results also show no significant differences between medication conditions 
on commissions, H(3) = 3.17, p > .05, omissions, H(3) = 0.71, p > .05, total correct responses, 
H(3) = 0.71, p > .05, and reaction time, H(3) = 1.88, p > .05.  
Discussion 
The current study aimed to investigate the discriminant validity of a virtual reality-based 
measure for attention assessment in ADHD children and to examine the task difficulty of 
ClinicaVR: Classroom-CPT compared to a well-established measure of attention delivered via 
computer known as CPT. Both measures, the ClinicaVR: Classroom-CPT and CPT contained a 
scenario with and without distractors to assess the effect of distractors over performance.  
Our results pointed out that ClinicaVR: Classroom-CPT discriminated between 
participants with ADHD and healthy controls because ADHD children performed, as expected 
worse on correct responses, had more commissions and omissions errors, and slower reaction 
time to targets than controls.  The fact that, ADHD participants made more omission and 
commission errors and gave more incorrect responses, is in line with the results provided by 
Virtual reality-based attention assessment 
 
other studies conducted on this topic that used the same version of ClinicaVR: Classroom-CPT, 
but with different stimulus duration, inter-stimulus interval and format (Bioulac et al., 2012; 
Parsons et al., 2007; Pollak et al, 2009). In case of reaction time to targets, in our study we 
obtained significant differences between ADHD participants and healthy ones with slower 
response rates for ADHD. Another study which obtained similar results was conducted by Pollak 
et al. (2009). However, a study which has focused on the same outcomes did find significant 
differences between the two types of participants, but the trend in results showed faster response 
rates for ADHD participants than controls on reaction time to correct hits (Bioulac et al., 2012). 
Both studies used a non-treated sample of ADHD children, while ours had a treated sample with 
no treatment effect over performance. Contradictory results emerge if we consider the study 
conducted by Adams et al. (2009) that had a treated sample of ADHD children (methylphenidate 
and atomoxetine) reports only a tendency towards significance on the Virtual Classroom 
parameters between ADHD children and healthy controls. Based on such results we can argue 
that medication effect over attention performance measured in a virtual environment are not still 
well documented, but might suggest a minor improvement on attention performance. If we 
examine our study’s mean effect sizes between ADHD and healthy controls (see Table 2) and the 
effect sizes from the studies cited above (see Negut et al., 2016b for effect sizes) we speculate 
that medication (methylphenidate and atomoxetine) has a minimum influence over attention 
performance. However, there is need for further investigation with larger samples for increased 
power to detect any treatment effect if any.  
Concerning the CPT, we found similar results except for the reaction time to targets, 
where no significant differences between the two groups emerged. This suggests that, in case of 
reaction time, the CPT does not discriminate between ADHD children and healthy controls. 
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Also, a meta-analysis that focused on comparing performance between participants with ADHD 
and healthy participants showed medium to large effect sizes for omission and commission 
errors and medium effect sizes for reaction time to targets (Huang-Pollock, Karalunas, Tam, & 
Moore, 2012; Losier et al., 1996). In the present study, when comparing between performance in 
ClinicaVR: Classroom-CPT between ADHD participants and healthy controls on outcome 
variables, we obtained medium to large effect sizes. For commission errors (d = 1.03, overlap 
percent = 61.71%), omission errors (d = 1.09, overlap percent = 58.23%), total correct responses 
(d = 1.15, overlap percent = 54.85%) results show large effect sizes while for reaction time 
results point out a medium effect size (d = 0.59, overlap percent = 76.42%). A similar pattern 
was found for the comparison between the two groups on the CPT-based assessment with large 
effect sizes for commissions (d = 1.3, overlap percent = 51.57%) and omissions (d = 1.09, 
overlap percent = 58.23%), total correct responses (d = 1.21, overlap percent = 54.85%), and a 
medium effect for reaction time to targets (d = 0.73, overlap percent = 68.92%). As it can be 
seen, there is a similar overlap percent between the two types of measures which suggests that 
both measures have similar classification accuracy. Based on these results, the most efficient 
diagnostic marker for ADHD is the number of total correct responses on both Virtual Classroom 
and CPT, while the least efficient diagnostic marker is the reaction time to targets.  
Regarding our second objective, data analysis showed that for ADHD children there are 
no significant differences between the assessment using ClinicaVR: Classroom-CPT and the 
CPT on commissions, omission errors and total correct responses. Significant differences were 
found for reaction time to targets with longer reaction time in virtual reality and a large effect 
size (d = 2.05, overlap percent = 29.37%). In case of normal participants, significant differences 
between Virtual Classroom and CPT were obtained on reaction time, with slower reaction time 
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in virtual reality compared to the computerized assessment and a large effect size (d = 2.04, 
overlap percent = 31.73%). Results pointed out non-significant differences between the 
performance on commission and omission errors and on total correct responses measured with 
the two measurement instruments. Two studies that focused on identifying differences among 
ADHD children on Virtual Classroom and an analogue CPT (Pollak et al., 2009; 2010) showed 
that participants tend to make more omission errors in virtual reality and have slower reaction 
time. In the current study, we identified significant differences between the two measures only 
for reaction time, for both ADHD children and healthy controls. We identified slower reaction 
time in virtual reality for ADHD children. Healthy children perform similar in the Virtual 
Classroom with longer response time compared to the CPT. It seems that between the results of 
our study and Pollak et al. (2009; 2010), the only difference is accounted for the number of 
omissions. Several explanations might be taken into account. Both types of CPTs were an AX-
type CPT, but the two versions were different on the total number of stimuli, on the stimulus and 
inter-stimulus interval. Also, Pollak et al. (2009; 2010) used mixed distractors, while we used 
only auditory distractors that might have impacted the results. Next, our study had a sample of 
children with the mean age of 9 years and Pollak et al. (2009; 2010) had a sample of adolescents 
with a mean age ranging from 12 to 13 years old. The influence of age over ADHD symptoms is 
documented in the literature, with a general decrease of ADHD symptoms over time (Biederman, 
Mick, & Faraone, 2000). Further on, Pollak et al. (2009) used a non-treated sample, while Pollak 
et al. (2010) methylphenidate versus placebo. In the current study, although parts of the sample 
were taking different types of medication, this did not impact the attention performance on none 
of the outcomes. Possible explanations are the small size of the groups compared and the time 
the experiment took place with regards to the effects of the used medication were less important. 
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Specifically, the stimulant effect of the extended-release formulation of methylphenidate, as well 
as the sedative effects of the neuroleptic or mood stabilizing medication are usually less strong in 
the afternoon (while atomoxetine should have had little impact, if any).  
 Overall, we consider that the current study offers limited support for the assumption that 
a CPT embedded in virtual reality like ClinicaVR: Classroom-CPT has an increased task 
difficulty because reaction time tend to be slower in difficult task conditions (Andreassi, 2007; 
Gevins, Smith, McEvoy, & Yu, 1997). However, large effect sizes for the comparison between 
Virtual Classroom with CPT on reaction time for both ADHD participants and healthy controls 
strengthen the task difficulty hypothesis of the ClinicaVR: Classroom-CPT. In turn, we can 
assume that to some extent virtual reality offers a more ecological assessment which better 
captures the real level of development of attention processes.  
In case of our third objective, that aimed to investigate the effect of distractors on the 
performance of ADHD participants and healthy controls on ClinicaVR: Classroom-CPT and the 
CPT, results showed a significant main effect of test modality on the overall performance on the 
CPT parameters. Overall, this is in line with previous data that suggests that adding distractors 
into the virtual environment increases the ecological validity and task complexity (Areces et al., 
2016; Erez et al., 2013; Ku et al., 2003; Rand, 2009; Rand et al., 2007). Previous studies that 
used virtual classroom scenarios for attention assessment of children with ADHD show the 
negative effect of adding distractors yields over performance (Adams et al., 2009; Bioulac et al., 
2012; Diaz-Orueta et al., 2014; Iriarte et al., 2012; Rizzo et al., 2000). Also, adding distractors 
into a CPT seems to improve the utility of the CPT in ADHD diagnosis while reducing 
performance and increasing task difficulty (Berger & Cassuto, 2014; Uno et al., 2006).  
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In the present research, results point out differences in performance in the assessment 
condition with distractors and without distractors. Post hoc comparisons showed that, for 
commissions and reaction time, there are no differences across the assessment using ClinicaVR: 
Classroom-CPT and CPT with or without distractors for ADHD children or healthy controls. 
However, for omission errors and total correct responses, results pointed out better correct 
responses and much more omission errors for ADHD children when assessed in ClinicaVR: 
Classroom-CPT with distractors than without distractors (d = 0.56). Next, when we took into 
account the differences between the assessment using CPT with or without distractors in case of 
ADHD children, post hoc comparisons showed that ADHD children made less correct responses 
in the condition with distractors (d = 0.42). It appears that the incremental value of adding 
auditory distractors in distinguishing ADHD children from controls on virtual reality measures or 
an analogue CPT does find support from the current results. However, this assumption is limited 
to omissions and total correct responses. Omission errors result from inattention (Berwid et al., 
2005; Brocki & Bohlin, 2006; Rizzo et al., 2000). Adding distractors into the virtual environment 
can distract the child and makes him more prone to miss the correct targets. Subsequently, the 
number of omission errors increases. Similarly, for total correct responses the fact that an 
environment embeds distractors can make the child less attentive to targets and miss the correct 
ones. In plus, it is important to note that we only included auditory distractors while excluding 
visual distractors. Therefore, we might expect an even large effect of distractors on performance 
with mixed audio-visual distractors.  
Further on, when we examine the effect of auditory distractors over the traditional AX-
type CPT data shows no significant differences between the condition with or without distractors 
except for the total number of correct responses in case of ADHD participants. For healthy 
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controls no such differences emerge. On a general level, the results from the present study are 
similar with other research reports that show that ADHD children are more influenced by 
distractors than controls. In case of ADHD children when we take into account the amount of 
CPT outcomes that are negatively influenced by the distractors studies show that the number of 
errors are most affected by auditory or visual distractors (Berger & Cassuto, 2014; Uno et al., 
2006). In our study, omission errors were not affected by auditory distractors, but the total 
correct responses were negatively influenced by them. We used highly ecological auditory 
distractors that seem to affect sustained attention, but their negative effect is rather small (d = 
0.38).  
Based on the current results, we consider that highly ecological distractors negatively 
impact sustained attention and increase inattention symptoms in case of ADHD participants. This 
negative effect is more powerful in a ClinicaVR: Classroom-CPT scenario compared to an 
analogue CPT. Also our results can be explained in terms of delay aversion, a motivational 
process. According to this model, children with ADHD have an impulsive preference for 
immediate rewards and often get distracted during delay intervals (Sonuga-Barke, 2003; Sonuga‐
Barke, Taylor, Sembi, & Smith, 1992). Adding distractors might impact the perceived length of 
the task during the ClinicaVR: Classroom-CPT or CPT testing. More precisely, environments 
rich in stimuli like the ClinicaVR: Classroom-CPT with distractors make time pass more quickly 
for children with ADHD while negatively impacting vigilance or sustained attention. This 
results, as our study suggests, in an increased number of omission errors and reduced number of 
correct responses. Similarly, our study points out a decrease in sustained attention performance 
that is reflected in the reduced number of correct responses in case of a CPT with distractors 
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compared to the same CPT without distractors. Again, distractors help time fly and enhance the 
distractibility during delay intervals.  
 The auditory distractors from the ClinicaVR classroom plus the virtual scenario in which 
the child is immersed increase the task difficulty because they recreate a real classroom with real 
“attention challenges” compared to the more “sterile” CPT. Nevertheless, the magnitude of the 
effect size between the conditions with and without distractors pointed out that the benefits of 
adding auditory distractors into the Virtual Classrooms scenario or into the analogue AX-type 
CPT are limited.  
For the fourth objective, that aimed to compare the ClinicaVR: Classroom-CPT with an 
analogue CPT on different cognitive absorption dimensions: temporal dissociation, focused 
immersion, heightened enjoyment, curiosity, personal innovativeness, perceived ease of use, 
usefulness, and behavioral intention to use, the results displayed no significant differences 
between the two assessment tools on neither dimension. Although we expected more favorable 
ratings in favor of ClinicaVR: Classroom-CPT based on the findings of Pollak et al. (2009; 2010) 
our results did not support our initial hypothesis. As a consequence, we can say that children 
perceived both measures similarly on cognitive absorption. A possible explanation is based on 
the fact that children appreciate technology and previous exposure to technology yields an 
impact over its acceptance (Holzinger, Searle, & Wernbacher, 2011). Children may be attracted 
by the computer technology in general and for them the overall testing experience via computer 
with or without immersion with a HMD was perceived as enjoyable.    
Limitations and conclusions 
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 The present research has several limitations. First, we have included in our sample 
children with comorbidity. However, because it is considered that comorbidity in ADHD is 
rather high (Jensen, Martin, & Cantwell, 1997), we can consider this potential threat to internal 
validity as an evidence for the external validity of our study.  
 Although results from the current research provide evidence for the diagnostic validity of 
the ClincaVR Classroom and several studies have focused on providing evidence for construct 
and convergent validity (Adams et al., 2009; Bioulac et al., 2012; Nolin et al., 2016; Parsons et 
al., 2007; Pollak et al., 2009), future studies might consider providing norms and performing 
reliability analysis. For instance, another virtual classroom CPT type scenario, AULA Nesplora 
is well validated on a Spanish sample (Iriate et al., 2012). Other studies can investigate the 
predictive validity of the ClincaVR Classroom in relationship to real-life performance or other 
objective criteria. Future studies might consider upgrading the current graphics of Virtual 
Classroom. The graphics of video games are developing with fast speed and children are usually 
connected to the new technological games releases. An upgraded version of the ClincaVR 
Classroom’s graphics might increase immersion and enhance the similarity with the real world 
environment.  
 Overall, results from the current research brings evidence in favor of the diagnostic 
validity of Virtual Classroom because the measure has diagnostic utility as it discriminates 
between ADHD children and healthy controls on all CPT’s parameters: total correct responses, 
the number of commission and omission errors and on reaction time to targets. Our results offers 
limited support to the assumption that ClinicaVR: Classroom-CPT is a more ecological 
assessment instrument which has an increased task difficulty compared to the CPT because 
ADHD participants showed slower reaction time rates in virtual reality, while healthy controls 
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also had a slower reaction time in virtual reality. Nevertheless, it seems that adding auditory 
distractors to the virtual environment does negatively impact the attention performance obtained 
by ADHD children, but not that of healthy participants. 
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Table 1 
Comparison of means for the psychometric measures between the ADHD participants and healthy controls 
 ADHD (n = 33) Healthy controls (n = 42)   
Measures M  SD M  SD t d 
Raven IQ 89.42 13.64 110 9.86 -7.32* -1.76 
d2       
Commission  30.48 28.26 10.92 12.95 3.68** 0.92 
Omission 39.12 45.63 18.90 22.95 2.32* 0.58 
Total correct 79.60 24.61 107.61 28.23 -4.50** -1.04 
WISC-IV       
WM 76.57 12.67 101.11 15.04 -7.50** -1.74 
PS 89.90 15.94 113.59 9.64 -7.52** -1.85 
Computer 
operation 
knowledge 
16.39 2.90 16.04 3.39 0.46 0.10 
Daily computer 
usage 
 
1.84 0.56 1.92 0.34 -0.71 -0.17 
Weekly 
computer usage 
2.15 0.44 2.07 0.40 0.81 0.19 
Note. WM = Working Memory; PS = Processing Speed, **p < .01; *p < .05 
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Table 2 
Comparison of means for ClinicaVR: Classroom-CPT and CPT measures between the ADHD participants and healthy controls 
 ADHD (n = 33)  Healthy controls (n = 42)  
Measures M SD  M SD d 
ClinicaVR: Classroom-CPT 
with distractorsa 
      
Commissions  33.76 30.92  10.75 6.24 1.03 
Omissions 19.47 7.63  9.20 5.32 1.56 
Total correct 35.52 7.63  45.80 5.32 -1.56 
Reaction time 
 
0.49 0.12  0.44 0.10 0.45 
       
CPT with distractorsb       
Commissions 60.56 50.21  14.72 17.34 1.22 
Omissions 19.87 11.07  8.40 10.36 1.06 
Total correct 34.37 11.34  47.18 8.35 -1.28 
Reaction time 0.25 0.05  0.30 0.01 -1.38 
       
ClinicaVR: Classroom-CPT 
without distractorsc 
      
Commissions 42.70 48.59  11.05 7.97 0.90 
Omissions 14.70 9.12  9.90 7.18 0.58 
Total correct 39.23 9.58  45.10 7.18 -0.69 
Reaction time 0.51 0.13  0.43 0.09 0.71 
CPT without distractorsd       
Commissions 59.62 55.27  10.81 6.53 1.24 
Omissions 16.68 9.23  6.40 9.13 1.11 
Total correct 38.31 9.23  48.63 9.10 -1.12 
Reaction time 0.30 0.15  0.30 0.00 0 
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Note. M = mean age (years); SD = Standard Deviation; a = Commission errors, Omission errors, Total correct, Reaction time measured 
in seconds with the ClinicaVR: Classroom-CPT with distractors – are raw scores; b = Commission errors, Omission errors, Total 
correct, Reaction time measured in seconds with the Continous Performance Test with distractors – are raw scores; c = Commission 
errors, Omission errors, Total correct, Reaction time measured in seconds with the ClinicaVR: Classroom-CPT without distractors – 
are raw scores; d = Commission errors, Omission errors, Total correct, Reaction time measured in seconds with the Continous 
Performance Test without distractors – are raw scores; d = Cohen’s d effect size  
 
 
 
